Background: Rotator cuff tears are rare injuries in adolescents but cause significant morbidity if unrecognized. Previous literature on rotator cuff repairs in adolescents is limited to small case series, with few data to guide treatment.
codes 29827 (arthroscopy, shoulder, surgical, with rotator cuff repair), 23410 (repair of musculotendinous cuff, acute), 23412 (repair of musculotendinous cuff, chronic), and 23420 (reconstruction of complete shoulder [rotator] cuff avulsion, chronic [includes acromioplasty]). The inclusion criteria for the study were all patients participating in at least 1 sport who underwent arthroscopic or open rotator cuff repair from 2006 to 2014 and were \18 years of age at the time of surgery with a minimum 2-year followup. All patients had a high-grade partial or complete rotator cuff tear (.50% thickness measured intraoperatively) as diagnosed by magnetic resonance imaging, with or without arthrography, and had failed nonoperative treatment.
All surgical procedures were performed by 1 of 5 fellowshiptrained sports medicine surgeons from Andrews Sports Medicine and Orthopedic Center. The exclusion criteria were age 18 years at the time of surgery or patients who underwent rotator cuff debridement instead of repair. Thirty-two patients met inclusion criteria, and their clinical records were reviewed for relevant demographic and clinical information. The patients' telephone numbers, emergency contact numbers, email addresses, and last known home address were recorded to obtain follow-up.
Telephone calls were then made by 1 author (M.G.A.) with a minimum of 5 attempts to each working phone number. These calls included 2 daytime calls, 2 evening calls, and at least 1 weekend call. Additionally, a letter and email were sent to the last known addresses listed in the patient's chart. Once contact was achieved, the patient was asked specific questions concerning return to play, performance, other surgery and complications, a numeric pain rating scale (0-10) for current shoulder pain, the American Shoulder and Elbow Surgeons (ASES) Shoulder Assessment Form, 2, 26, 32 and the Western Ontario Rotator Cuff Index. 11, 18, 19, 41 Results were then tabulated and statistical analysis performed with JMP (v 10; SAS Institute), with P \ .05 for significance. Descriptive statistics were prepared for all variables, and outcomes were compared according to the affected tendon and concomitant procedures via 2-sided Fisher exact tests and Student t tests where appropriate.
Surgical Technique
All patients underwent an examination under general anesthesia to document preoperative range of motion (forward flexion, abduction, and internal and external rotation) and glenohumeral laxity with anterior and posterior load-andshift tests in the supine position. The patient was then turned to the lateral decubitus position on a beanbag with 5 to 7 kg of lateral traction to position the arm at 60°of abduction and 20°of forward flexion. Routine preoperative antibiotics were administered in all cases. Each patient then underwent a diagnostic arthroscopy of the glenohumeral and subacromial spaces, with treatment of any relevant pathologic conditions as necessary (see the Results section for the number and types of concomitant pathology treated).
All tears of the supraspinatus and infraspinatus tendons were treated through arthroscopic repair with a single-or double-row configuration (depending on tear size and anatomy) with suture anchors after debridement of the footprint to establish a bleeding bony bed ( Figure  1 ). For all patients with lesser tuberosity bony avulsions or subscapularis tendon tears, other pathology was treated arthroscopically if present, and the patient was then placed into a modified beach-chair position. A standard deltopectoral approach was performed, and the subscapularis tendon was repaired in open fashion using double-loaded suture anchors with sutures passed through the tendon in mattress fashion. Additionally, 4 separate braided, nonabsorbable high-strength sutures (Biomet #2 Maxbraid) were passed through the tendon in modified Mason-Allen fashion and sutured to the surrounding soft tissue or placed into a lateral anchor ( Figure 2 ). If a bony fragment was present, it was excised before repair.
Postoperative Care
All patients were prescribed an abduction orthosis (Donjoy Orthopedics) for 4 to 6 weeks postoperatively at the discretion of the treating surgeon. All patients began immediate passive range of motion under the direction of a physical therapist. Active-assisted range of motion began in the second postoperative week, and active motion was initiated at the beginning of the fifth week. Light strengthening was initiated at the beginning of week 7. For subscapularis repairs, internal rotation strengthening and passive external rotation were restricted for the first 6 weeks postoperatively. Progression to sport-specific exercises began at 5 to 6 months, once the patient had obtained full motion and full strength. The patient was released to full activities when he or she had completed a sport-specific rehabilitation progression or interval training program, depending on the sport involved.
RESULTS
Thirty-two consecutive patients were identified from the billing records and met inclusion criteria for analysis (Table  1) . Twenty-eight patients were male (88%) and 4 (12%) were female, with a mean age of 16.1 years (range, 13.2-17.9 years; SD = 1.3). The patient's dominant arm was involved in 26 cases (81%), and 1 patient (3%) did not have documentation of his dominant side and was unavailable for followup. All 32 patients were involved in athletics, and 6 patients participated in a single sport, 19 in 2 sports, and 7 in 3 sports. Table 2 details the number and type of sports participation. Twenty-nine patients (91%) reported a traumatic event associated with the onset of their shoulder pain. Of these 29 patients, 27 (93%) had no symptoms in the shoulder before the trauma. Of the 3 patients with atraumatic rotator cuff tears, 2 were female softball position players, and the other was a male baseball pitcher. Of the 29 patients with traumatic rotator cuff tears, 13 (45%) occurred during football. The remaining injury mechanisms are outlined in Table 1 . Eleven patients (38%) sustained a dislocation requiring a reduction, 5 (17%) had a subluxation, and 18 (62%) ''felt a pop'' at the time of injury. All 32 patients had a complaint of shoulder pain, while 14 patients (44%) specifically noted pain during throwing. Additional presenting complaints are detailed in Table 1 .
Twenty-one cases (66%) involved an injury to the supraspinatus: 2 full-thickness tendon tears, 1 complete bony avulsion of the greater tuberosity, and 18 high-grade (.50%) partial-thickness tendon tears. The 18 partial-thickness tears were measured intraoperatively: 8 (44%) were 50% to 75% of the footprint, and 10 (56%) encompassed .75% of the footprint from medial to lateral. In addition, 2 patients had combined supraspinatus and infraspinatus tears (1 complete bony avulsion of the greater tuberosity and 1 complete tendon tear of both tendons); 1 had a partial-thickness infraspinatus tear; and 1 had complete tears of the supraspinatus, infraspinatus, and teres minor. Of these 25 patients in sum, 14 (56%) underwent single-row repair of their rotator cuff tear, and 11 (44%) underwent double-row repair. All single-row repairs were performed for high-grade partial articular supraspinatus tendon avulsion lesions, while the double-row repairs were performed for a combination of partial and complete tears ( Table 3) .
Seven (22%) patients sustained injuries to the subscapularis, with 6 complete bony avulsions of the lesser tuberosity and 1 complete subscapularis tendon tear; all 7 subscapularis injuries were repaired through an open approach with suture anchors and a double-row construct. The patient with the complete subscapularis tendon tear also had an 80% partial supraspinatus tear, which was repaired arthroscopically before the subscapularis repair.
All patients had a subacromial bursectomy except for those with isolated lesser tuberosity avulsion fractures. No acromioplasty procedures were performed. Seventeen patients (53%) had an isolated rotator cuff injury, while 15 (43%) had at least 1 concomitant procedure performed (Table 3) . Eleven patients (34%) had concomitant instability repairs at the time of surgery (anterior labral repair, posterior labral repair, or repair of humeral avulsion of the glenohumeral ligament), and 3 (9%) underwent type 2 superior labrum from anterior-to-posterior (SLAP) repairs.
There were no immediate surgical complications for any of the 32 patients. Two patients suffered neurapraxia of the axillary nerve at the time of shoulder dislocation, which had resolved completely at final follow-up. Two patients underwent a second operation on the involved shoulder during the study period. One of these patients initially had a double-row partial articular supraspinatus tendon avulsion repair of the supraspinatus tendon and type 2 SLAP repair and suffered a shoulder dislocation playing college football at postoperative 41 months. He then underwent an open anterior labral repair and rotator cuff repair of a high-grade partial-thickness infraspinatus tear and was doing well at final telephone follow-up for this study. The other patient was a softball player who underwent arthroscopic singlerow repair of a high-grade partial-thickness supraspinatus tear, and she returned to the operating room with the same surgeon for subacromial decompression, distal clavicle excision, and rotator cuff debridement of a low-grade (30%) intra-articular supraspinatus retear at postoperative 40 months. She was unable to be reached for follow-up.
Of the 32 patients identified, 27 (84%) were reached at a mean of 6.2 years after surgery (range, 2-10 years; SD = 2.6 years) for telephone follow-up (Table 4) . Twenty-five patients (93%) were able to return to sport at the same level of play or higher. Eight players (30%) went on to play collegiate athletics. When patients were asked about their subjective performance in sports after the surgery versus before their injury and surgery, 10 (37%) reported that they were better; 10 (37%) reported that they were the same; and 7 (26%) reported that they were worse. Of the 14 patients who were overhead athletes (softball or baseball) and had surgery on their throwing shoulders, 13 (93%) returned to the same level of play, but 9 (64%) had to switch positions because of a loss of throwing velocity or distance. Of the patients who switched positions, 6 moved to a position with a shorter throw (ie, outfield to second base); 2 were unable to pitch and moved to a position with a shorter throw; and 1 was unable to pitch but was able to play his normal fielding position. All 3 overhead athletes who had surgery on their nonthrowing arms were able to return to the same level of play and position.
The overall mean ASES score was 93 (range, 65-100; SD = 9); mean Western Ontario Rotator Cuff Index, 89% (range, 60%-100%; SD = 13%); and mean numeric pain rating, 0.3 (range, 0-3; SD = 0.8) (Table 4 ). There was no significant difference in outcomes between subscapularis and supraspinatus tears and no difference in outcome measures between patients with and without a concomitant instability or SLAP repair. However, only 43% of patients treated with concurrent labral repair felt that their athletic performance was the same or better as their presurgery level, as opposed to 78% of patients who did not undergo labral repair (P = .049).
DISCUSSION
In this study, we report the clinical information and functional outcomes of a consecutive series of adolescent athletes with rotator cuff tears who underwent rotator cuff repair. Shoulder pain is an increasingly common complaint among adolescents and was shown to escalate with higher exposure to sport 29 and sports specialization. 27, 28 While there is a broad differential diagnosis for adolescent shoulder pain, 20 rotator cuff tear must be considered a possible diagnosis, even for this young age group. Rotator cuff tears in adults are often the result of age-related degeneration of the tendon and decreased mechanical properties, predisposing the tendon to tear. 4, 37 However, rotator cuff tears in adolescents are more likely to be traumatic 15, 34, 40 or related to overuse among overhead athletes. 15 These mechanisms are consistent with those observed in the current study, with 91% of patients reporting a traumatic event and the remaining participating in overhead sports. This report comprises the largest series of rotator cuff repairs in adolescents in the literature and the first to report on functional outcomes. A previous study by Eisner et al 15 compared operative and nonoperative treatment of partial-thickness supraspinatus tears in 53 adolescent athletes, and they found that 57% of patients failed nonoperative treatment and went on to surgical treatment. They were able to contact 19 patients at a mean 16 months after treatment and found no significant differences in outcome scores between operatively and nonoperatively treated tears. Note, though, that all patients who underwent surgery were treated with arthroscopic debridement alone, and no rotator cuff repairs were performed.
There is a paucity of data concerning rotator cuff repairs among adolescents. Weiss et al 40 presented a case series of 6 adolescent patients who underwent arthroscopic or open rotator cuff repair and 1 patient treated nonsurgically. They reported that of the 7 patients, 6 (86%) were able to return to the same level of play at 10 months' mean follow-up, but they did not include any functional scores. This return rate is similar to the overall return to play in the current study (93%). In the second-largest case series in the literature, Tarkin et al 34 reported on 3 patients treated with rotator cuff repair and 1 treated with rotator cuff debridement at 6 months to 2 years of follow-up; however, no functional scores were reported.
The insertional anatomy of the rotator cuff tendons has been well defined in the literature, 10, 14 with a mean medial-to-lateral distance of 14 to 16 mm for the supraspinatus tendon attachment. Knowing the dimensions of the normal tendon insertion allows one to accurately measure the amount of torn tendon intraoperatively by using an instrument of known size, such as a shaver or probe. While lowgrade partial tears often do well with debridement, 15 56% of the partial-thickness tears in this study encompassed .75% of the rotator cuff insertion; the remaining tears measured between 50% and 75% of the footprint. We believe that high-grade tears in adolescents are likely to progress to fullthickness tears because of their young age and high activity level. For this reason, low-grade tears are treated with debridement, while high-grade tears (.50%) are treated with repair in this age group at our institution.
The overall functional scores achieved by the patients in this study were excellent at a mean 6.2 years of follow-up. Although functional outcome data on adolescents after rotator cuff repair are limited, 2 case series were published focusing on patients \40 years old who were undergoing repair of full-thickness rotator cuff tears. 16, 22 Hawkins et al 16 reported on 19 patients who underwent open repair of a full-thickness supraspinatus tear, with 68% stating that they were satisfied at a mean 5.7 years. More recently, Krishnan et al 22 reported on 23 patients who underwent arthroscopic single-row repair of a full-thickness supraspinatus tear with a mean postoperative ASES score of 92 at a mean 26 months. The results of the current study are consistent with these results, with a mean ASES score of 93 at a mean 6.2 years.
Despite case reports of injury to the subscapularis tendon or avulsion fractures of the lesser tuberosity, 30, 31, 33 no large case series are available. 38 In a systematic review of subscapularis injuries in skeletally immature adolescents, Vavken et al 38 identified 60 patients in the literature, with 50 of these treated operatively. However, the authors had difficulty drawing conclusions about treatment recommendations given the small patient numbers in each report. The largest case series, 8 patients, 39 cited excellent functional outcomes at a median follow-up of 12 months after open repair. This is consistent with the results of the present study, comprising 7 patients with subscapularis injuries.
Rotator cuff repair in overhead athletes has mixed results in the literature. 9, 13, 23, 35 Tibone et al 35 9, 13 ; however, they were small case series and noted that players' performance decreased after surgery. 13 While 93% of the overhead athletes in the present study who had surgery on their throwing shoulders were able to return to play, 57% were forced to switch positions owing to difficulty with throwing or loss of throwing velocity. The overhead throwing motion requires significant functional demands on the shoulder, and repair of the rotator cuff is a balance between restoring its integrity and preserving the shoulder's mobility. 13 This study had several limitations. First, it was a retrospective case series with a limited number of patients. However, to our knowledge, it represents the largest series of rotator cuff repairs in adolescent athletes to date. Additionally, given the study design, there was no control group or cohort of patients with rotator cuff tears treated nonoperatively to compare with the present group of patients treated surgically. The patients were identified through surgical billing codes, which precluded the identification of nonoperatively treated patients. Finally, we did not have preoperative functional outcome scores for these patients. Nonetheless, the majority (91%) of patients had an acute traumatic incident that caused their shoulder symptoms without antecedent shoulder pain. Because of this, we infer that these patients would have had normal or high preinjury functional outcome scores.
CONCLUSION
In conclusion, rotator cuff tears are relatively rare injuries in adolescents but should be considered in the differential diagnosis for patients presenting with shoulder pain in this age group. Most patients can recall a traumatic event or are involved in overhead athletics. These lesions are also commonly seen in conjunction with shoulder instability, and a high index of suspicion is necessary if a patient has a significant residual strength deficit after appropriate physical therapy. Surgical repair of high-grade partial and complete rotator cuff tears yielded successful outcomes in this patient population, and these patients had excellent functional outcome scores at a mean follow-up of 6.2 years. Consistent with previous literature, a large percentage of overhead throwing athletes had difficulty returning to the same position after rotator cuff repair on their throwing shoulder, and patients should be counseled about this preoperatively.
